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Description 

Field of the invention 

5 [0001] The present invention relates to a process for preparing silicon carbide(StC) films from organositicon com- 
pounds by employing a chemical vapor deposition method; and, more specifically, to a process for preparing silicon 
carbide films from organosillcon compounds having linearly bonded alternating silicon and carbon atoms by employing 
the chemical vapor deposition method. 

10 Background of the Invention 

[0002] Silicon carbides, due to their unique and useful properties, have been widely used for various purposes, e. 
g., wear-resistant or heat-resistant coatings, and have been found to be particularly useful in manufacturing electric 
and electronic components, photodetectors, high temperature and high power devices, high frequency circuitries and 
IS light emitting diodes. 

[0003] Silicon carbides, while regarded highly polymorphic, are generally classified into amorphous, a- and p-forms. 
The amorphous silicon carbides are often used in preparing heat-resistant or wear-resistant coatings. The a-silicon 
carbides include a number of polymorphs having a hexagonal or rhombohedral crystalline structure. Among these, 
6H-SiC particularly shows a wide band gap, e.g., 2.9 eV, and thus Is widely used in the manufacture of blue light 

20 emitting diodes, as well as U V detectors, high temperature electronic devices, radioactive resistant components, high 
power devices and high frequency circuitries. The p-silicon carbide, 3C-SiC, having a cubic crystalline structure, is 
similarly used in various electronic systems (see Application Notes and Catalogs, Cree Research, Inc.). 
[0004] Conventionally, silicon carbide films have been prepared by employing the so-called chemical vapor deposi- 
tion(CVD) method from a silicon-containing compound [e.g., silicon tetrachloride (SiC^). trichlorosilaneCSiHCy or si- 

25 lane(SiH4)] and a carbon-containing compound[e.g.. methane (CH4), propaneCCaHs) or benzeneCCgHe)) together, or 
a single compound containing both silicon and carbon atoms (e.g., a chloroalkylsilane or alkylsilane). Most of these 
processes need a very high deposition temperature, e.g., above 1,200 ''C (C. E. f^orosanu. Thin Films bv Chemical 
Vapor Deposition . Elsevier (1990); H. Matsunami. Diamond Relat. Mater. 2. 1043-1050 (1993)). 
[0005] However, the processes for preparing the silicon carbide films by employing two or more source compounds 

30 at a high deposition temperature have a number of inherent deficiencies. For instance, owing to the high deposition 
temperature, only a limited number of materials which can withstand the high temperature may be used as a substrate 
in the deposition process. Further, in order to use two or more source compounds, it is necessary to precisely control 
the respective amounts of the source materials so as to attain the exact composition, thereby requiring the use of rather 
complicated apparatus. 

35 [0006] The CVD method has been widely used to coat the surface of a certain target or substrate with specific source 
materials. This method comprises vaporizing the source compounds and exposing the substrate maintained at a suit- 
able temperature to the vapor so as to cause deposition of the source compounds on the surface of the substrate, 
thereby forming a film thereon. For heating the substrate, resistive, high-frequency. Infrared, or electron beam heating 
may be employed. 

^0 [0007] In addition to the conventional thermal CVD method described above, the types of CVD methods include a 
photo-CVD process wherein source compounds are activated by light and then deposited on the surface of a substrate; 
a plasfT^ CVD technique wherein the source compounds are activated in the form of a plasma, thereby accelerating 
the deposition thereof on the substrate; and a laser CVD approach wherein the source compounds are decomposed 
or activated by a laser beam fCVD Handbook . Bando Publishing Co., 1993). 

^ [0008] U.S. Patent No. 4,923,71 6 discloses the preparation of a silicon carbide film by employing a source compound 
containing both carbon and silicon atoms, e.g., 1 ,2-bissilylethane (HaSiCHgCHgSiHg), at a high temperature ranging 
from 1,100 to 1,400 *C. Similarly, there has been reported a process to prepare a silrcon carbide film by employing 
1 ,3-disilacyclobutane[(SiH2CH2)2l(D. J. Larkin and L.V, Interrante. Chem. Mater. 4. 22-24 (1 992)). Despite the improve- 
ment made in these processes, however, a high temperature is still required for the deposition process. 

so [0009] US-A-5 053 255 discloses a thermal CVD process for the deposition of silicon carbide-type films using di-t- 
butylsilane. The process is carried out at about 400 to IIOO^'C and about 13.3 - 1 33 Pa. The deposition can be carried 
out on various substrates including silicon wafers. Silaalkane compounds having two or three silicon atoms are not 
mentioned or suggested in this reference. 

55 Summary of the Invention 

[0010] Accordingly, it is a primary object of the present invention to provide a process for preparing a silicon carbide 
film through a chemical vapor deposition process conducted at a lower temperature by empk>ying a linear silaalkane 
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compound having alternating cartx>n and silicon atoms alone or In a mixture of two or more such sitaalkane compounds 
as a source for the silicon and carbon atoms. 

[0011] According to the present invention there is provided a chemical vapor deposition process for preparing a 
silicon carbide film, which comprises vaporizing at least one linear silaalkane compound having altemating carbon and 
silicon atoms, charging the vapor of said linear silaalkane compound Into a vacuum system and exposing a substrate 
to the vapor to form the silicon carbide film on the surface of the substrate, characterized in that said linear sitaalkane 
compound contains two or three silicon atoms wherein at least one of hydrogen, methyl, ethyl and propyl is bonded to 
each of said two or three silicon atoms and to the one or two carbon atoms, respectively, between them. 

Brief Description of the Drawing 

[0012] Fig. 1 shows an apparatus for preparing silicon carbide films from organosilicon compounds by the chemical 
vapor deposition method in accordance with the present invention. 

Detailed Description of the Inventton 

[0013] Linear silaalkane compounds which may be used in the present invention comprise three or two silicon atoms. 
In the case of the compounds containing two silicon atoms, e.g., 1 ,3-disilabutane (H3SiCH2SiH2CH3), at least one of 
hydrogen, methyl, ethyl and propyl is preferably bonded to each of the two silicon atoms and to the carbon atom 
between them. As for the compounds containing three silicon atoms, e.g.. 1 ,3,5-trisiIapentane(H3SiCH2SiH2CH2SiH3), 
2,4.6-trisilaheptane(H3CSiH2CH2SiH2CH2SiH2CH3) and 2,6<limethyl-2,4.6-trisilaheptane[H3CSiH(CH3)CH2SiH2CH2 
SiH(CH3)CH3], at least one of hydrogen, methyl, ethyl and propyl is preferably bonded to each of the three silicon 
atoms and to the two carbon atoms between them. When any of these compounds is used, even at a temperature of 
below 1000 '^C, the vapor deposition of silicon carbide on the surface of the substrate occurs and. in particular, in the 
case of using 1 ,3-disilabutane (H3SICH2SiH2CH3). an amorphous silicon carbide film is deposited even at a consider- 
ably lower temperature ranging from 600 to 650 'C; and. at a temperature ranging from 750 to 800 'C. a ^-silicon 
carbide film can be obtained. 

[0014] In addition, in the case of using dimethylisopropyl-silane, films of amorphous, a- or p-silicon carbides can be 
formed in similar temperature ranges to those wherein said 1 ,3-disilabutane is used. Also, by employing trisilaalkanes 
containing three silicon atoms, e.g.. 1.3,5-trlsilapentane, 2,4.6-trlsilaheptane or 2,6-dimethyl-2,4,6-trisllaheptane, |i- 
silicon carbide films are formed at a temperature of 1 ,000 or less and, in particular, in the case of 2,4.6-trisilaheptane, 
a-sillcon carbide films are also obtained at a similar temperature. Accordingly, these compounds have the unexpected 
advantage that silicon carbide films of various types can be formed at a low temperature, and, further, they are easy 
to handle since they are all in liquid phase. 

[0015] Furthermore, since 1.3-dlsilabutane contains silicon and carbon atoms in the ratio of 1:1 with only hydrogen 
atoms as heteroatoms within the molecule and thus no Impurity being released, it is partfcularly preferred as the source 
compound of silicon and carbon atoms. 

[0016] On the other hand, in the case of 1.3.5-trisilapentane and 2,4,6-trisilaheptane, it can be difficult to prepare a 
silicon carbide film containing carbon and silicon atoms in the 1:1 ratio by employing these compounds alone, since 
the former contains 2:3 of carbon:silicon and the latter contains 4:3 of carbon: silicon. However, If these compounds 
are used in a mixture of the 1:1 molar ratio, such problem can be solved. Further, since 2,4,6-trisilaheptane and 
2,6-dlmethyl-2.4,6-trlsilaheptane contain more carbon atoms than silicon, it is somewhat difficult to prepare good silicon 
carbide films from these compounds. In this case, by employing said source compounds together with hydrogen as a 
carrier gas. excessive carbon atoms can be removed In the form of methane, thereby forming a good silicon carbide 
film. In the case of dimethyl-isopropylsilane, silicon carbide films can be readily prepared without using the hydrogen 
carrier gas. 

[0017] The silaalkane compounds which can be used in the present invention may be synthesized, for example, as 
follows. 

lOO^B] Dimethvlis opropvlsllane (for comparison) : This compound Is a liquid material having the molecular weight of 
102.25. density of 0.724 g/ml. boiling point of 66 to 67 *C, freezing point of -30 X and a relatively high vapor pressure 
at room temperature. Advantageously, it is commercially available and relatively Inexpensive. Further, dimethylisopro- 
pyl-silane can be synthesized by reacting chlorodimethylisopropylsllane. which is about 3 times lower In price than 
dimethylisopropylsllane, with lithium aluminium hydride or sodium hydride. 

[00'' 9] 1.3-Disilabutane : An organochlorosilane represented by the following fomiula (1) is reacted with a metallic 
silicon and hydrogen chloride using copper as a catalyst and cadmium as a co-catalyst to provide a chlorodisilaalkane 
represented by formula (2): 



IS 
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CH, CH, CI 

R*4i-CH,C1 R'-Si-CH,-Si-Cl 

I I I 

R' R' R^ 

(1) (2) 



10 wherein: 



and R2 are independently a chlorine or methyl, and 
is a hydrogen or chlorine. 

Thereafter, the resulting chlorodisilaalkane is reduced with a metal hydride, e.g., lithium aluminium hydride, to give a 
disllaalkane represented by formula (3): 



20 CH, K 

I I 
R' H 



(3) 

wherein: 

and R2 are independently a hydrogen or methyl. 

When both R^ and R^are hydrogen atoms in formula (3), the product is 1 .3-disilabutane(see Korean Patent Application 
No. 92-4705). 

[0020] 1 .aS-Trisila pentane. 2,4.6-trisiiaheptane and 2.6-dimethvl-2.4.6-trisilaheDtane : An a-chloromethylsilane rep- 
resented by the following formula (4) is directly reacted with a metallic silicon to form a chlorinated trisllaalkane repre- 
sented by the fomiula (5) (see I.N. Jung, et al., Bull . Korean Chem. Soc. 12. 445-449 (1991)): 



R* R*' 01 R'' R'- 01 

40 I { I I I I 

01-CH,-Si-R'' + Si > R''-Si-CH, -Si-CH, -Si-R'* -i- R''-Si-CH,-Si-Cl 

R* R*' 01 r' R** CI 

(4) (5) 

45 

Wherein: 

R^', R2' and R3' are independently a hydrogen, methyl, ethyl or propyl. 

so Reduction of the compound represented by formula (5) produces a hydrogenated trisilaalkane. 

[0021] In accordance with the present invention, silicon carbide is deposited on the surface of a substrate by em- 
ploying any of the above-described linear silaalkane compounds to produce a chemical vapor thereof at a pressure 
ranging from 25 to 55 Pa and a temperature ranging from 600 to 1 .000 "C. At a temperature above 750 "C, the silaalkane 
compound can be deposited on the surface of a substrate, such as Si(IOO). carbon steel, graphite or silicon carbide 
(single crystalline or polycrystalline). to give a p-silicon carbide film. At a temperature ranging from 600 to 650 **C, an 
amorphous silicon carbide film is fomried. and annealing of the film at a temperature of 750 *C or higher by employing, 
e.g., a resistive heating can produce a P-silicon carbide film. Also, when 1 ,3-disilabutane is deposited on the surface 
of Si(111) substrate at a temperature of 750 X or higher, epitaxial growth of a p-s"licon carbide film on the substrate 
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Is observed. Particularly, in the case of using dimethyl isopropylsllane, an a-silicon carbide film is formed on the surface 
of Si(IOO) at 950 ^'C. 

[0022] On the other hand, In the case of a trisilaalkane. e.g. , 1 .3,5-trisilapentane. 2,4.6-trlsllaheptane or 2,6-dimethyl- 
2,4,6-trisllaheptane, by employing one of these compounds or In a mixture of two or more with or without a carrier gas, 
a P-silicon carbide film may be obtained on the surface of silicon(single crystalline or polycrystalline), cartxjn steel, 
graphite or silicon carbide(single crystalline or polycrystalline). In case where 2,4.6-trisilaalkane is used, an a-silicon 
carbide film is obtained at a temperature of 950 *C or higher 

[0023] The carrier gas which can be used in the present invention may include hydrogen, argon or a mixed gas of 
hydrogen and argon in the ratio of 4:1, for example. The amount of the carrier gas which may be emptoyed ranges 
from 1 to 15 seem In the case of hydrogen, from 5 to 30 seem in the case of argon and from 5 to 50 seem In the case 
of 4:1 mixture of hydrogen and argon. 

[0024] Further, by using a high-frequency heating method, dimethylisopropylsilane or 1,3-disilabutane also can be 
deposited on graphite, silicon carbide(polycrystalline and single crystalline) or tungsten carbide at a pressure ranging 
from 25 to 55 Pa and at a temperature around 680 to form an amorphous silicon carbide film. Furthermore, the 
substrate may be pretreated with a methane, ethane, propane or butane gas diluted with hydrogen to a concentration 
ranging from 0.1 to 0.5 % at a temperature ranging from 750 to 1 ,200 ''C for 5 to 25 minutes to form a carbonized film 
on the surface of the substrate, thereby preventing the appearance of cracks on the resulting silicon carbide film. 
[0025] Also, in order to remove an oxygen layer which may be fornied on the surface of a substrate, the substrate 
may be pretreated with 25 to 1 00 seem of hydrogen at a temperature ranging from 870 to 970 •C prior to the deposition 
of source compounds. 

[0026] The organosllicon compounds which are used to prepare the silicon carbide films of the present invention are 
particularly preferred, since they are non-toxic liquids, easy to handle and suitable to carry out the chemical vapor 
deposition due to high vapor pressures thereof, and the functional groups thereof are readily removed by thermal 
decomposition even at a relatively low temperature, thereby preventing the Incorporation thereof into the resulting 
silicon carbide films and forming the films having a desired composition. 

[0027] The following Examples are intended to illustrate the present Invention nrx^re specifically, without limiting the 
scope of the invention. 

[0028] In the Examples, the apparatus which is used for the chemical vapor deposition is prepared by appropriately 
connecting Pyrex and quartz tubings, and comprises a bubbler, a reactor, a liquid nitrogen trap and a vacuum pump 
as major parts(See, Fig. 1). The bubbler assembly is a combination of two Pyrex O-ring joints and three stopcocks. 
The lower part of the bubbler Is a tube having the outer diameter of 2.4 em and length of 7 em, which can afford about 
10 ml of a liquid sample. Upon opening the stopcock A (1), the vapor of the liquid sample is diffused into the reactor. 
Upon opening stopcock B (2), the carrier gas can be fed to the reactor through the bubbler. Stopcock C (3) is used to 
purge the reactor assembly. The upper part of the reactor which is connected to one end of the bubbler through an O- 
ring joint (4) is a graded seal (5) made of Kimax glass and quartz. The core of the reactor is a quartz tubing connected 
to a quartz -to-Kimax graded seal (6) the end of which is welded to a larger Pyrex O-ring joint (7). To the lower half of 
this joint are welded two glass-to-metal transition tubings (8) and two thermocouple leads (9). The substrate (10) for 
the deposition is placed on a piece of nichrome plate (11) by a pair of copper fasteners (12) that are fixed on top of 
two thick copper rods (1 3) by stainless steel screws and heated by resistive heating of the nichrome plate. The current 
for heating was supplied through the two glass-to-metal transition tubings to which the lower ends of the two copper 
rods were welded. The temperature of the substrate was measured by a Chromel-Alumel themioeouple (14) or an 
optical pyrometer and the pressure in the reaction system was measured by a Convectron gauge located between the 
Pyrex tubing connected to the tower part of the reactor and the liquid nitrogen trap. The liquid nitrogen trap is connected 
to an oil diffusion pump and a rotary vane pump from which gas and vapor are exhausted to the outside through a 
fume hood. The vapor that reaches the liquid nitrogen trap without being deposited in the reactor is collected into the 
trap, and if no other byproduct is trapped therein together, the collected vapor may be recycled into the reaction system. 
[0029] In the chemical vapor deposition process, all liqukJ samples are contained in the bubbler and used at room 
temperature without heating. 

Example 1 (for comparison) 

[0030] 2 ml of dimethylisopropylsilane was vaporized and deposited on the surface of Si(IOO) at 650 »C and at a 
pressure ranging from 25 to 55 Pa for 4 to 6 hours using the above-mentioned chemk:al vapor deposition apparatus 
to form an amorphous silicon carbide film. The resulting film was annealed at 750 °C for about 1 hour to give a p-silicon 
carbide film, as confirmed by an X-ray diffraction pattern. The ratio of siliconrcarbon constituting the silicon carbide 
film, which was measured by X-ray photoelectron spectroscopy, was 1:1 within the experimental error However, the 
scanning electron microscopic examinatksn of said film showed that the surface of the silicon eart>ide film was not 
continuous, but considerably cracked. 
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Example 2 

[0031] A silicon carbide film was deposited on the surface of Si(IOO) by repeating the procedures described in Ex- 
ample 1 (for comparison), except using 1 ,3-disilabutane as a precursor for the deposition. The resulting film possessed 
5 the properties similar to those of the film prepared in Example 1 , and a p-silicon carbide film thereof was obtained by 
annealing the resulting film at 750 'C or raising the deposition temperature to 750 - 800 *C. 

Example 3 

10 [0032] A silicon carbide film was deposited on Si(100) by repeating the procedures described in Example 1 (for 
comparison), except using 2.6-dimethyl-2.4,6-trisilaheptane as a precursor At the temperature of 700 or below, an 
amorphous silicon carbide film was produced. This film was annealed at a temperature of 750 °C or higher by using 
hydrogen or 4:1 mixture of hydrogen and argon to form a p-silicon carbide film. 

IS Example 4 

[0033] The procedures described in Example 1 (for comparison) were repeated except using 2,4,6-trisilaheptane as 
a precursor for the deposition. In this case, a p-silicon carbide film was formed only at the relatively high temperature 
of 920 or higher. Further, with a hydrogen carrier gas, an a-silicon carbide film was produced at 950 'C or higher. 

20 

Example 5 

[0034] In this Example, the surface of a Si(100) substrate was carbonized in order to prevent the development of 
cracks on the surface of the resulting silicon carbide film. This process is referred to as a carbonization or carburlzation. 

25 After 25 to 100 seem of hydrogen was flowed for 5 to 25 minutes onto the Si(IOO) substrate, which was maintained at 
a temperature ranging from 870 to 970 'C by resistive heating, the temperature of the substrate was raised to 1 ,000 
- 1,200 "C and methane or propane diluted with hydrogen at a concentration ranging from 0.1 to 0.5 % was flowed 
onto the substrate for 5 to 25 minutes to form a carbonized film on the surface of the substrate, as confirmed by X-ray 
photoelectron spectroscopy. The carbonized Si(IOO) substrate maintained its mirror surface, but appeared dark due 

30 to the lowered gloss. The deposition of a silicon carbide film was carried out by heating the carbonized substrate to 
900 and using a 1:1 mixture of 1,3.5-trisitapentane and 2.4.6-trisi!aheptane. 

[0035] The silicon carbide film prepared as above had the same composition and phase as those of the films produced 
in Examples 1 (for comparison) and 2 and no cracks were obsen/ed from the surface of the film. At a temperature 
lower than 900 °C, no p-silicon carbide film was formed. 

35 

Example 6 

[0036] 2 ml of 2,6-dimethyl-2,4,6-trisilaheptane was vaporized and deposited on a carbonized Si(1 00) substrate at 
950 *C for 4 to 6 hours. Since this compound contains silicon and carbon atoms in the ratio of 3:6 thereby probably 
40 leading to the production of a film which comprises more carbon atoms than silicon atoms, the deposition was carried 
out by empbying hydrogen as a carrier gas. The resulting film contained 1 : 1 ratto of silicon and carbon, and as confirmed 
by an X-ray diffraction pattern, the p-sillcon carbide film was formed. 

Example 7 

45 

[0037] The procedures described in Example 6 were repeated except using 1 .3-disilabutane at 850 'C. The resulting 
film contained 1 :1 ratio of carbon and silicon and the film surface was crack-free. The X-ray diffraction pattern thereof 
showed a reduced number of characteristic silicon carbide peaks; however, the epitaxial growth of silicon carbkle was 
not achieved. Further, it was difficult to identify the boundary between the film and the substrate from the scanning 
so electron microscopy image of the cross-section thereof. This may be caused by an initial formation of carbide on the 
surface of the substrate during carbonization. 

Example 8 (for comparison) 

55 [0038] 2 ml of dlmethylisopropylsilane was vaporized and deposited at 970 to 1 ,000 °C on a Si( 1 00) substrate which 
was pretreated with hydrogen at 970 '^C for 15 minutes and carbonized at 1,190 °C for 5 minutes. The resulting film 
had 1:1 ratb of silicon and carbon and its X-ray diffraction pattern showed that a p-silicon carbide film was formed. 
However, at a temperature of 950 'C or betow, the fomnation of an a-silicon carbide film was obsen/ed. 
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Example 9 

[0039] By using 2 ml of 2,4,6'trisilaheptane, a silicon carbide film was deposited at 920 to 970 ""C on a Si(IOO) 
substrate treated as in Example 8 (for comparison). The resulting film had about 1 :1 ratio of silicon and carbon. The 
s x-ray diffraction pattern showed that only a-sllicon carbide film was formed independently of the deposition tempera- 
ture. This indicates that a-slllcon carbide films can be formed on a carbonized Si(1 00) substrate without using hydrogen 
as a carrier gas. 

Example 10 

10 

[0040] 2 ml of 1 ,3-disilabutane was vaporized and deposited on a Si(1 11 ) substrate at various temperatures ranging 
from 650 to 900 '^C for 4 to 6 hours. As a resu It. an amorphous film was formed at 750 or below on the non-carbonized 
SI(111) substrate, and a p-phase film was formed thereon at a temperature greater than 750 '^C. In the case of using 
a Si(111 ) substrate carbonized at 1 , 1 60 for 5 minutes, a p-phase film was apparently formed at 900 'C as in Example 
IS 7. The X-ray diffractbn pattern thereof showed only SiC(111) peak, thereby suggesting that the epitaxial growth of 
silicon carbide was achieved. 

Example 11 

20 [0041] A quartz tubing was charged with a 3 cm x 3 cm x 1 cm graphite plate, which is often used as a susceptor in 
the chemical vapor deposition process, and heated to about 700 •C by a high frequency of 58 kHz and 800 W. To this 
tubing was flowed a vapor of 1,3-disilabutane to deposit a silicon carbide film on the graphite substrate. The resulting 
film was confirmed to be amorphous by its X-ray diffraction pattern and contained about 1 : 1 ratio of carbon and silicon. 

2S Example 12 (for comparison) 

[0042] A 1 .2 cm X 1.2 cm X 0.3 cm tungsten carbide plate was placed on the graphite susceptor and heated by a 
high frequency of 58 kHz and 700 W to maintain the temperature at 680 "C. Onto this was flowed a vapor of dimeth- 
ylisopropylsllane to deposit a silicon carbide film on the tungsten carbide substrate. The resulting film was confirmed 
30 to be amorphous by its X-ray diffraction pattern and contained about 1:1 ratio of carbon and silicon. 

Example 1 3 

[0043] A 1 .2 cm X 1 .2 cm X 0.1 cm plate of sintered silicon carbide was placed on the graphite susceptor and heated 
3S by a high frequency of 58 kHz and 700 W to maintain the temperature at 680 *C. Onto this was flowed a vapor of 
dimethyllsopropyl-silane to deposit a silicon carbide film. The resulting film was confirmed to be amorphous by its X- 
ray diffraction pattern and contained about 1:1 ratio of carbon and silicon. 

[0044] As described above, in accordance with the present invention, silicon carbide films can be prepared from 

organosilicon compounds alone containing both carbon and silicon by a chemical vapor deposition at low temperatures. 
40 [0045] While the invention has been described in connection with the above specific embodiments, it should be 
recognized that various modifications and changes may be made within the scope of the invention as defined by the 
claims that follow. 



^ Claims 

1. A chemical vapor deposition process for preparing a silicon carbide film, which comprises vaporizing at least one 
linear silaaikane compound having altemating carbon and silicon atoms, charging the vapor of said linear silaalkane 
compound Into a vacuum system and exposing a substrate to the vapor to form the silicon carbide film on the 

^ surface of the substrate, characterized In that said linear silaalkane compound contains two or three silicon atoms 
wherein at least one of hydrogen, methyl, ethyl and propyl Is bonded to each of said two or three silicon atoms 
and to the one or two carbon atoms, respectively, between them. 

2. The process of claim 1 , wherein the linear silaalkane compound Is selected from the group consisting of 1 ,3-dis- 
ilabutane. 1 .3.5-trisilapentane, 2.4,6-trlsilaheptane and 2,6-dimethyl-2.4,6-trisilaheptane. 

3. The process of claim 1, wherein the process is conducted at a pressure of the vapor ranging from 25 to 55 Pa, 
and at a temperature of the substrate ranging from 600 to 1 ,000 "C. 
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4. The process of claim 1, wherein the substrate Is pretreated with 25 tolOO seem of hydrogen at a temperature 
ranging from 870 to 970 to remove oxygen from the surface of the substrate prior to the deposition of the silicon 
carbide film. 

s 5. The process of claim 1 , wherein the linear sliaaikane compound is used In admixture with a carrier gas. 

6. The process of claim 5. wherein the carrier gas is hydrogen, argon or a mixture thereof. 

7. The process of claim 1 , wherein the surface of the silicon substrate Is carbonized with methane, ethane, propane 
10 or butane prbr to the deposition of the silicon carbide film. 

8. The process of claim 1 , wherein the substrate is selected from the group consisting of polycrystalllne silicon, single 
crystalline silicon, graphite, polycrystalllne silicon carbide, single crystalline silicon carbide, tungsten carbide and 
carbon steel. 

75 

Patentanepruehe 

1. Chemlsches Dampfabscheidungsverfahren zur Herstellung eines Siliciumcarbid-Fllmes, welches umfaBt, daB 
20 man mindestens etne lineare Silaalkan-Verblndung mit alternierenden Kohlenstoff- und Sillciumatomen verdampft, 

den Dampf der llnearen Silaalkan-Verblndung In ein Vakuumsystem einf Ohrt und ein Substrat dem Dampf aussetzt, 
urn den Siliciumcarbld-Film auf der Oberflache des Substrats zu bilden. dadurch gekennzeichnet. daB die lineare 
Sllaalkan-Verbindung zwei oder drei Siliciumatome enthalt, wobei mindestens eines aus V\fesserstoff , Methyl, Ethyl 
und Propyl an jedes der zwei Oder drei Silrclumatome und. an das etne bzw. die zwei Kohlenstoff atome zwischen 
2S diesen gebunden 1st. 

2. Verfahren nach Anspruch 1 , in welchem die lineare Silaalkan-Verbindung aus der Gruppe ausgewahit ist, die aus 
1,3-Disilabutan, 1,3,5-Trisilapentan. 2.4,6-Trisilaheptan und 2,6-Dimethyl-2.4,6-trisilaheptan besteht. 

30 3. Verfahren nach Anspruch 1 , In welchem das Verfahren bei einem Druck des Dampf es im Bereich von 25 bis 55 
Pa und bel einer Temperatur des Substrats Im Bereich von 600 bis lOOO^C durchgefuhrt wird. 

4. Verfahren nach Anspruch 1 . in welchem das Substrat mit 25 bis 1 00 Scm^ (seem) Wasserstoff bei einer Temperatur 
im Bereich von 870 bis 970^*0 vorbehandelt wIrd, um vor der Abscheidung des SilfciumcarbkJ-Filmes Sauerstoff 

3S von der Oberflache des Substrats zu entfernen. 

5. Verfahren nach Anspruch 1 , in welchem die lineare Sllaalkan-Verbindung in MIschung mit einem Tragergas ver- 
wendet wind. 

40 6. Verfahren nach Anspruch 5, in welchem das Tragergas Wasserstoff, Argon oder eine MIschung derselben ist. 

7. Verfahren nach Anspruch 1 , In welchem die Oberflache des Sillcium-Substrats vor der Abscheidung des Siltelum- 
carbid-Filmes mit Methan, Ethan, Propan oder Butan carbon isiert wIrd. 

4S 8. Verfahren nach Anspruch 1, in welchem das Substrat aus der Gruppe ausgewahit ist, die aus poiykristallinem 
Sllicium, einkristallinem Sillcium, Graphit, poiykristallinem Sillciumcarbid, einkristallinem Siliciumcarbld. V\tolfram< 
carbid und Kohlenstoffstahl besteht. 

so Revendlcatlons 

1. Proc§d6 de d6p6t chimique en phase vapeur pour preparer un film de carbure de silicium, qui comprend la vapo- 
risation d'au moins un composd silaalcane lindaire ayant des atomes de carbone et de sllicium en altemance. le 
chargement de la vapeur dudit compost silaalcane lln^ire dans un syst6me sous vide et I'expositlon d'un substrat 
^ d la vapeur pour former te film de carbure de sillcium sur la surface du substrat, caract^risd en ce que iedit composd 

silaalcane Iin6aire contlent deux ou trols atomes de silicium dans lequel au moins un atome d'hydrog6ne. un groupe 
m^thyle, dthyle ou propyle est \\6 k chacun desdits deux ou trols atomes de sllicium et h I'un ou aux deux atomes 
de carbone, respectivement places entre eux. 



8 



EP 0 723 600 B1 



Proc6dd seion la revendication 1, dans lequel le compost silaalcane lindaire est choisi parmi la 1 ,3-disilabutane, 
le 1,3,5-trisllapentane, le 2,4,6-trisilaheptane et le 2,6-dimdthyl-2.4,6-trisllaheptane. 

Prcxsddd salon la revendication 1 . dans lequel le procddd est rdalisd k une pression de la vapeur dans la gamme 
de 25 d 55 Pa, et k une temperature du substrat dans la gamme de 600 k 1000**C. 

Proc6d6 selon la revendication 1 , dans lequel le substrat est pr6trait§ avec un d6bit de 25 & 100 NcnrP/min d'hy- 
drog&ne k une temperature dans la gamme de 870 k 970^C pour eiiminer Toxyg^ne de la surface du substrat 
avant le ddpdt du film de carbure da silicium. 

Proc^de seton la revendication 1 . dans lequel on utilise le compost cycloalcane lineaire en melange avec un gaz 
porteur. 

Procddd selon la revendication 5. dans lequel le gaz porteur est Thydrog^ne, I'argon ou un melange de ceux-ci. 

Proc^de selon la revendicatbn 1 , dans lequel la surface du substrat de silicium est carbonis6e avec du methane, 
de rethane, du propane ou du butane avant le dSpdt du film de carbure de silicium. 

Precede selon la revendication 1 , dans lequel le substrat est choisi panmi le silicium polycristallin, le silicium mo- 
nocristallin, le graphite, le carbure de silicium polycristallin, le carbure de silicium monocristallin, le carbure de 
tungstene et I'acler au carbone. 
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